High resolving power of the gel electrophoresis, which is based on the differential retardation of macromolecules in gel matrix, is of particular importance in isolation and purification of macromolecules. Various apparatus for preparative polyacrylamide gel electrophoresis have been reported." Modi fication of the design has been invariably directed to the elution and cooling systems. A critical factor in the operation of the ap paratus is the dimension of the elution cham ber; if a large chamber is employed, dilution of solute occurs thus resulting in broadening of the elution patterns, while with a narrow chamber elution is frequently interrupted by the swelling of gel during operation. In many cases, either upward or downward elution has been employed and this leads to com plication of the apparatus. This communi cation describes a simple apparatus designed to circumvent these problems. The efficiency of the present apparatus was examined using monomer-polymer mixture of bovine serum albumin (Sigma Chemical Co., Ltd.) and crude ovalbumin (Nakarai Chemicals, Ltd.).
The apparatus is composed of upper buffer reservoir (A), column (B), lower buffer re servoir (C), head pressure equilibration column (D) and elution buffer reservoir (E) (Fig.1) . The column is connected to the upper and lower buffer reservoirs by means of joints. In order to avoid complexity of the apparatus, a horizontal elution system was adopted. The elution chamber (F), separating resolving gel (G) and high density gel (H), is filled with sea sand (2050 mesh) (S) and fitted with elution buffer inlet (V) and outlet (W) op positely positioned on the side of the column as illustrated in Fig. 1 . It is important to note that the sea sand must be relatively coarse grade to reduce the flow resistance of the elution buffer. The apparatus is now set up for operation as illustrated in Fig. 1 . Care must be taken in filling of upper buffer to avoid spoilage of the gel surface.
To nullify head pressure on the gel, filling of the upper buffer in the column was carried out simultaneously with filling of the head pressure equilibration column. The elution buffer must be kept in the same level as the height of the upper buffer, the elution buffer outlet being in somewhat lower position, and the elution rate was controlled either by means of a constant flow pump (Tokyo Rikakikai, Co., Ltd.) or by adjustment with a clamp. Five ml of sample containing 30-50 mg of proteins, 5--10% sucrose and 0.02 bromphenol blue (BPB) were layered on the concentrating gel through a small tubing. The electrophoresis was carried out initially at 2.5mA/cm2 with gradual increase to 5.0 mA/cm2. Three ml of fractions were collec ted with an elution rate of 25 ml/hr. It is of critical importance in the operation of the present apparatus to adjust the elution rate such that protein zones are eluted before they reach the high density gel, since this gel is unlikely to behave as a semipermeable mem brane for relatively small macromolecules. This can be easily achieved by adjusting the flow rate using a dye such as BPB. The electrophoresis of temperature-sensitive mate rials must be carried out in a cold room, although cooling system may be incorporated in the present apparatus.
The apparatus was applied for the analysis of monomer-polymer mixture of bovine serum albumin (BSA) (Fig. 2a) , and purification of crude ovalbumin (Fig. 2b) Fraction collector was actuated at intervals of about 7 min to collect 3 ml fractions. For the sake of clarity, the scale of optical density for trimer and tetramer was magnified 5 times.
FIG. 4. Elution Profile of Crude Ovalbumin.
Analytical electrophoretic pattern (stg) is that of original ovalbumin sample. Fraction collector was actuated at interval of about 7 min to collect 3 m] fractions.
gel. The gel-buffer system used is essentially that of Ornstein and Davis9) as described by Waehneldt1o except that SDS was omitted here. The high density gel (20°,c) was pre pared as specified below; (A) 48ml 1N HCl, 36.6 g Tris, 0.46 ml TEMED in 100ml water Monomer, dimer, trimer, and tetramer of BSA were sequentially eluted as discrete peaks, as evidenced by analytical gel electrophoretic patterns of these fractions. The result shows that the elution system of this apparatus per mits sharp elution of the protein zones without excessive dilution.
Indeed, BPB dye dissolved in initial loading volume 5 ml was recovered in 9 ml of eluate. Broadening of the slow migrating zones is apparently due to diffusion in the gel column.
The recovery of the pro tein was at least 95 % in all runs.
In Fig. 4 is shown the elution profile of a commercial crude ovalbumin which is composed of at least 6 minor components other than the main band (Fig. 2b) . Although the profile is rather obscured due to lower con centration of the contaminants and inter ference by the underpolymerized acrylamide, the analytical electrophoretic patterns of the fractions marked by the arrows (Fig. 4) ob viously indicate a good separation of the components.
However, similarity in the migration rates of the fast moving group precluded a complete separation, and therefore a longer gel column is required to obtain homogeneous ovalbumin.
Although the con taminants are apparent in the patterns of F1, F2, and F3, their concentrations must be considerably low, since these fractions were concentrated at least ten times prior to the analytical gel electrophoresis.
In summary, the present apparatus allows efficient separation of proteins with minimum dilution and makes it possible to detect small amount of material. The use of sea sand in the apparatus not only minimizes the dilution of solutes but also prevents blocking of the elution chamber caused by swelling of the gel . The blocking of the elution chamber is a major problem with SDS-containing gel system where gel is easily detached from the column wall. It is our experience that without sea sand the elution is often interrupted in long runs (2 days). The high density gel which serves as a rigid base of the elution chamber may be repeatedly used. Finally it may be noted that the apparatus is simple and can be economically set up using parts available in most laboratories.
